Tokyo Institute of Technology

The Experiment of
the Weather Monitoring

I

Akihiro Sugiyama
FL12-12-1
29th, October, 2012

Tokyo Institute of Technology

Fujita L aboratory

Outline

+ Approach

Tokyo Institute of Technology

+ Application of Potential Game

+ Experiment

- Experimental System
- Settings (Indoor)

- Result (Indoor)

- Settings (Outdoor)

- Results (Outdoor)

+ Future Works

Tokyolnaituteof Tamology _w

Approach

Monitoring
Each camerais controlled such that entropy [1] is maximum

lEntropy
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Choose action (Pan, Tilt) such that the entropy is maximized using
potential game [2]
Use PIPIP [2] as alearning algorithm

We can know the size and shape of cloud
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Scenario

Sky (cloud) A resource
1. Suppose that sky is a curved surface /7?7?/”’:' ‘1‘\§}\<\\
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Application of Potential Game
Potential Function
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The sum of The sum of entropy around
entropy around  overlapping resources
resources camera i V : A st of cameras
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Experimental System
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PTZ camera

. Pan [deg]
IAC"""{ Tilt [deg] | [ Action

o Image processing
o Calculating entropy
o Choose action using Potential Game

OpenCV Learning Algorithm -
Image Entropy 9n9 Action
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Experiment
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Image

Indoor
e

Projecting image of the sky
on thewall

Outdoor
Experiment in the roof
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Experiment (Indoor)
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Later B

Field of view

P
)

Beginning

[

Field of views are overlapping
Cameras are monitoring the place

that exisis only blue sky Cameras are monitoring the place

that exists cloud and blue sky
Only cloud or bluesky ~ Existing cloud and blue sky
Entropy ~ About 20 About 23 ~ About 39
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Settings (Indoor)

Agent Action
N = 2 (PTZ camera) a; = (Pan, Tilt) [deg] i={1,---,N}
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Restricted Action Set
Rila;) = {a; +5(b1,b2)|by € {—1,0,1},b2 € {—1,0,1}}

exploration rate

—35% < Pan < 35° 02
20° < Tilt < 45° 015
Learning Algorithm w 01
PIPIP 0.05

Exploration Rate % 500 1000 1500 2000

Step

__ f 0.15-0.0001 x Step (0 < Step < 1000)

0.05 (1000 < Step) a

Settings (Indoor)
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Arrangement of cameras 1
Wall 7 resource
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Initial angle
y Pan = 0°
Tilt = 207
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Results (Indoor)

The Value of Potential Function ' ¥
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Field of view
0.6 J
D Cameral
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|:| Camera2
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Step
Step: 3 [[_Icameral
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Overlap

Cameral (left) Entropy 17.89 Camera?2 (right) Entropy 12.56| ﬂ
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Results (Indoor)
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The Value of Potential Function ' ¥
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Results (Indoor)
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The Value of Potential Function

Field of view
D Cameral
|:| Camera2
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Camera l (left) Entropy 37.10 Camera?2 (right) Entropy 35.47|
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Results (Indoor)

The Value of Potential Function _
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Field of view
|:| Cameral

|:| Camera2

Step: 4000 [ Jcamaral
Bcameral

Camera 1 (left) Entropy

33. 10
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Camera 2 (right) Entropy 31.41 I
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Results (Indoor)
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Experiment (Outdoor)

Beginning

Field of views are overlapping
Cameras are monitoring the place
that exists only blue sky or cloud
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Cameras are monitoring the place
that exists cloud and blue sky

Only cloud or blue sky
Entropy ~ About 18 ~ About 30

Existing cloud and blue sky
About 33 ~ About 46
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Settings (Outdoor)

Agent Action

N =4 (PTZ camera) a; = (Pan, Tilt) [deg] i={1,---,N}
Restricted Action Set

Ri(a;) = {a; +5(b1,ba)|by € {-1,0,1},b2 € {-1,0,1}}

exploration rate
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—40° < Pan < 40° 02
30° < Tilt < 90° 015
Learning Algorithm w 01
PIPIP 0.05
Exploration Rate % 500 1000 1500 2000
Step

~ ] 0.15=0.0001 x Step (0 < Step < 1000)

(1000 < Step) n

=1 005
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Settings (Outdoor)

Arrangement of cameras

R = 500[m]

Initial angle
Pan = 0°
Tilt = 90°
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Results (Outdoor)
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The Value of Potential Function
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1000 2000
Step

Step: 2
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Camera 1 (upper left) Entropy 0.00
Camera 2 (upper right) Entropy 0.00
Camera 3 (lower left) Entropy 0.00
Camera4 (lower right) Entropy 0.00

Results (Outdoor)

The Value of Potential Function

1000 2000

Step

Camera 1 (upper left) Entropy 40.46
Camera 2 (upper right) Entropy

Camera 3 (lower left) Entropy 37.28
Camera4 (lower right) Entropy 19.57
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Results (Outdoor)

The Value of Potential Fu

nction

(R
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Camera 1 (upper left) Entropy 36.93
Camera 2 (upper right) Entropy 45.67
Camera 3 (lower left) Entropy 36.50
Camera4 (lower right) Entropy 32.59

Results (Outdoor)

The Value of Potential Function
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1000 2000

Step

Camera 1 (upper left) Entropy 26.61
Camera 2 (upper right) Entropy 33.62
Camera 3 (lower left) Entropy 33.58
Camera4 (lower right) Entropy 39.02
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FutureWorks

« Utility Design
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+ Cloud Detection [3]

The pixel Red-Blue Ratio (RBR)
The RBR of aClear Sky Library (CSL)

+ Cloud Motion [4, 5]

Cloud Motion Vectors

Numerical Weather Prediction (NWP) Model

Analysis of satellite imagery
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Entropy

pixel
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pixel value
{0 ~ 255,0 ~ 255,0 ~ 255}

Red Green Blue

22?'22 34|34 |+ 45|45
— 22|18 |22 42 | 41 .
— 800 -
\ -
Tayonioo Tamoy 800~ _M

Entropy
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Ex) Pixel value of red

Probability (1 —————
ololo s|s8]10 ’710(.1._) — The 1:llllE:f:,'trH{I;fp;;i'.\:;: value x
1|57 [..]14a]9]10] |
634 77| |
- - _ The number of pixel value 0
. ..o B 6?0 P(U) - Total pixels
0|21 4243139 ““ (l) _ The number of pixel value 1
223434 |=*=| 45| 45| 37 /‘ P Total pixels
22|18 |22 42| 41| 40
— o . _ The number of pixel value 255
. ~ 800 — ;;{255) - l'otal pixels
Total pixels 800 x 600 = 480000
Entropy Calculate ent f red d
. . Culate entropy or rea, green an
H(X)=- Z plx)log,p(z) B
aex - R4% an average
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Entropy

Probability distribution

_ p(0) =1 p(0 ~ 255) = ;L
P) W1~ 255) =0 » plx)
o 1 e

0
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T
low ¢  Entropy
H(X)=0 X) =
(X) The morekind of color is, the larger entropy is H(X)=8
Entropy

H(X) == p(a)log,p(z)

zeX

The entropy islarge
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Arrangement of resources
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Arrange resources at an equal interval 0% <8 <90°
0° < < 360°

=

o opmras
pmnipmram= S

=N\
- ,;-"\ T
.

Wpan Angle of pan rotation
e + Angle of tilt rotation
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Arrangement of resources

Second row Ay = 45° resource
Thirdrow Ag = 30°
Fourthrow Ay = 22.5°
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Ninth row Ap =9°
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